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STUDY OF THE VIBROMYOGRAPHIC SIGNAL AS A MEANS
FOR QUANTIFYING MUSCULAR EFFORT
Joseph J. Sarver,1 MS; Rahamim Seliktar,2 PhD
Abstract: The present work describes an effort to quantify the level of muscular activation by monitoring and
processing muscular vibrations under isometric conditions. The history and nature of vibromyography (VMG)
are examined, and a brief review of current VMG literature is presented. In addition, preliminary results from
an ongoing study are presented. Although several subjects were included in this feasibility study, the results
from only one subject are presented here. The subject was asked to reach 25%, 50%, 75%, and 100% of his
maximum isometric elbow extension. A uniaxial accelerometer was placed over his right triceps brachii and
monitored the transverse component of the underlying muscle’s acceleration. Electromyographic (EMG) data
were also recorded from the long and lateral heads of the same muscle. Results were then processed using
traditional algorithms and the ability of VMG and EMG to discriminate among the four different effort levels
were compared. The data indicated that VMG was able to discriminate between the 75% and 100% effort
levels better than EMG. Currently, this protocol is being applied to additional subjects using more advanced
signal processing as well as discriminant analyses to improve effort level discrimination as well as fatigue detection.
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Introduction
There are a variety of clinical situations in which the
force developed by active muscles is an important variable
to be measured. Unfortunately, there is no direct non-
invasive way of measuring the force generated in active
muscle and, therefore, the researcher is forced to measure
instead, muscular ‘activity’. Traditionally, muscle activity
has been investigated by monitoring action potentials
acquired either on the skin surface or more invasively
with wire electrodes and is referred to as electro-
myography (EMG). Many studies have tried to couple
EMG and the force developed in muscle. However, due
to the complex nature of EMG it seems that it is more
useful in detecting muscle ‘activation’ rather than
determining its applied force.
Because force is a mechanical phenomenon, it seems
logical to use mechanical sensors to measure muscular
force. For example, muscle ‘hardness’ could provide
some force measure, and such hardness can be quantified
through either indentation tests or superficial pressure
Original Paper
measurements. However, the superiority of this method
over EMG/force calibration has not been substantiated.
An alternative mechanical signal is the pulsation of
muscle resulting from the firing of a muscle’s motor
units. Such pulsations manifest on the skin surface as
transverse vibrations, which can be easily detected using
either pressure transducers or, more adequately, with
accelerometers. Muscular vibration of this sort is referred
to as vibromyography (VMG) and can be used to measure
muscular activity. The following attempts to explain the
history, origin, and meaning of VMG as well as its clinical
significance as it appears in the literature.
Background
VMG, also known as mechanomyography, sound
myography, phonomyography as well as acoustic
myography, has received renewed interest since 1980 as
a means of investigating muscle and in particular for
quantifying muscular effort. This renewed interest is
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primarily a result of the improved instrumentation and
analytical techniques readily available for measuring
and quantifying this myomechanical signal. Ironically,
this instrumentation boom is also responsible for the
different terminology appearing in the literature due to
the fact that most authors named the same myogram
based on the instrumentation used. Despite the lack of
agreement in terminology, there seems to be good
agreement in the literature that this myomechanical
signal is primarily a measure of transverse accelerations
or vibrations of muscle [1].
Theories as to the nature of VMG are rooted in an
understanding of motor-neuron stimulation, sliding
filament theory, and the corresponding motor unit
contraction as well as the mechanics of wave propagation,
and elastic beam theory. However, as with many
complicated systems, a simple model can help to illustrate
the principles of a theory at the sacrifice of accuracy. For
example, Frangioni et al proposed that VMG could be
explained by modelling muscle as a taunt string being
plucked [2]. The ‘plucking’ is the mechanical disturbance
associated with the shortening of a motor unit, which in
turn is the result of motor-neuron stimulation. Like the
string, the frequencies at which the muscle vibrates
depend on the muscle’s stimulation frequency,
mechanical properties, length, and tension. Thus,
according to the ‘string’ theory, it may be possible to
determine muscle tension, stiffness or other mechanical
properties as well as stimulation frequency non-
invasively; this helps to explain the increased interest in
VMG.
Unfortunately, as pointed out by Frangioni et al the
complex mechanical properties of muscle make the
simple string model inadequate for experimentally
relating muscle vibrations to muscle force, mechanical
properties or stimulating frequencies [2]. Cole and Barry
have developed more complex models based on an
elastic beam theory [3]. These models seem to accurately
relate VMG frequencies and muscle tension. However,
this work has been limited to electrically stimulated frog
muscle under in vitro conditions. In addition, these
authors concluded that measuring muscle stiffness, or
other mechanical properties, was only possible over a
narrow range of operating conditions. Thus, it appears
that estimating muscle tension or force is more likely to
be successful than determining the mechanical properties
of the underlying muscle. For example, Matheson et al
demonstrated that it was possible to categorize muscle
into ‘low’ or ‘high’ force production based on VMG,
something that the authors were not able to do using
EMG [4].
It is generally accepted in the literature that EMG
measures the summation of motor unit action potentials
of the underlying and neighbouring muscles and can,
therefore, be used to evaluate the level of muscular drive
or activation [5]. VMG, on the other hand, measures the
mechanical activity of motor units [1]. In other words,
EMG measures the motor-neural drive, whereas VMG
measures the muscle’s response to that amount of drive,
and, therefore, many studies have examined VMG and
EMG simultaneously. While some authors have
examined the relationship between VMG and EMG
under normal conditions [6], others have used fatigue
protocols to more closely examine this relationship.
Barry et al were probably one of the first groups to
combine EMG and VMG analysis during fatiguing
exercises [7]. The authors noted that there was a
‘disassociation’ between EMG and VMG as fatigue
developed. Other authors have continued to investigate
how fatigue effects the relationship between EMG and
VMG, and all report a similar disassociation [8–11].
Thus, it may be possible to use VMG not only to quantify
muscular effort, but also to detect localized muscular
fatigue.
The present work contains results from a feasibility
study that was aimed at establishing a research protocol
for ongoing research. Although tests were carried out
with a greater number of subjects, the results reported
below are limited to those of a single subject who was
tested under the finalized test conditions. The analysis
techniques reported here are simple and provide a basis
from which more advanced analyses can be made in the
future. The purpose of the ongoing research is to
determine whether more advanced signal processing
techniques can improve the quantifying ability of VMG.
Some encouraging results of data processing have been
obtained to date, but are considered to be beyond the
scope of this publication. In addition, the ongoing research
will use advanced discriminant analyses to compare
VMG with EMG as a means for both quantifying muscular
effort as well as detecting localized muscular fatigue.
Method
As with EMG, sensor placement has a significant impact
on the strength of the measured VMG signal. According
to Frangioni et al, the VMG signal is strongest near the
muscle’s belly and is increasingly weaker towards the
tendon [2]. In clinically relevant work, the sensor is
typically placed on the skin over the belly of the
appropriate muscle. As mentioned previously, there are
a variety of sensors available for measuring VMG, but
the sensors most commonly used are microphones
(pressure transducers), and accelerometers.
Microphones are, in general, more sensitive to VMG
than are accelerometers; however, some microphones
require unimpaired contact with the skin. Furthermore,
microphones record in units that are not readily
convertible to physiological units making comparisons
between studies difficult. Low mass accelerometers
(< 2 g) can be placed on top of EMG sensors, or directly
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onto the skin and naturally record in units of acceleration
(m/sec2).
Preliminary results from a single ‘healthy’ adult
volunteer subject involved in an ongoing study are
presented to illustrate the usefulness of VMG in
comparison with EMG as a means for quantifying
muscular effort. The subject was seated in front of a desk
on which a load cell (JR3 Inc) capable of measuring force
and torque in all three directions was mounted. EMG
surface electrodes were placed on the lateral and long
heads of the subject’s right triceps brachialis and a single-
axis accelerometer (Coulbourn Inc) was placed over the
lateral head of the same muscle (Fig. 1).
The subject’s maximum voluntary contraction (MVC)
was calculated at the beginning of the experiment by
having him push on the load cell maximally for two
seconds. He was then instructed to push on the load cell
and maintain target values of 25%, 50%, 75%, and
100% of his MVC for a total of 20 seconds. The target
values were displayed on a computer screen and the
subject was instructed to move the displayed force to the
target value. EMG, accelerometer (VMG) and load-cell
data were all low-pass filtered at 2,000 Hz, 200 Hz, and
42 Hz, respectively. The data were then sampled at 4,000
Hz, digitally low pass filtered at 160 Hz, sub-sampled at
400 Hz and stored on a PC for later processing through
custom LabView (National Instruments Corp, Austin,
Texas, USA) software.
Results
There are several methods in the literature for processing
VMG and EMG data. Typically these techniques involve
some form of spectral analysis and indeed to analyze
time-varying signals such as VMG and EMG both time
and frequency analyses, such as wavelets, are required.
However, the analysis described in this report and
displayed in Figure 2 was limited to the time domain and
provides a basis from which more complex analyses can
be improved upon in the future.
The data appearing in Figure 2 were processed in
several stages using custom software written in MATLAB.
The force data were low-pass filtered at 30 Hz. The
acceleration data were first band-pass filtered between
5 Hz and 30 Hz, rectified and then low-pass filtered at
2 Hz. Finally, the EMG data were band pass filtered
between 5Hz and 160 Hz, rectified and low-pass filtered
at 2 Hz. As seen in the top left panel of Figure 2, the
subject exerted four distinct force levels, which appeared
to stabilize after 4 seconds. Similarly, the VMG and EMG
signals show four different levels, which correspond in
increasing magnitude to the force data. Looking at Figure
2 in more detail it is easy to distinguish between the
25%/50% and 50%/75% EMG signals (bottom panels
in Fig. 2). The same can be said for the 25%/50% and
50%/75% VMG signals, although not as clearly as with
the two EMG signals. On the other hand, it appears
easier to distinguish between the 75%/100% VMG signals
than between either EMG signals.
Discussion
The ability to discriminate between the four effort levels
is a first step in being able to quantify muscular effort
utilizing either VMG or EMG. There are a variety of
statistical techniques used in discriminant analysis, of
which receiver operating characteristics (ROC) as well as
analysis of variance (ANOVA) tests are examples.
Fig. 1. Depiction of an experimental set-up and
instrumentation. The subject was seated in a chair with
the accelerometer and electromyography (EMG)
electrodes placed on the right arm. The subject’s right
hand was placed on the load cell and he was instructed to
push down onto the table. The force in the Z-direction
was fed back to the user through the computer screen.
EMG
electrodes
Accelerometer
Load cell
Computer
ScreenZ
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However, the analysis presented here will be limited to
means and standard deviations and serve to establish the
feasibility of the ongoing work.
The processed force, VMG and EMG data from 4 to 20
seconds were averaged and the standard deviations were
calculated. For each data set, the value at the 100%
effort level was used to ‘normalize’ the data, allowing the
comparison between force, acceleration, and voltage as
seen in Figure 3. Here, the horizontal line extending
across the four effort levels can be used as a qualitative
measure of each datum’s discriminating power. For
example, the force data horizontal lines (extreme left
panel Fig. 3) are very separate across all effort levels,
meaning that the force data have high discriminant
power. This is to be expected since the force data were
used to determine the effort level.
The VMG horizontal lines are also separate across all
effort levels despite the fact that VMG had the largest
variances at each effort level. On the other hand, both
EMG values had poor discrimination between the 75%
and 100% effort levels. This can be seen as the dashed
horizontal line from the 100% effort level extending
through the error-bar for the 75% effort level. Thus, in
a qualitative way it can be said that, VMG was better at
discriminating between the 75% and 100% effort levels
than EMG. On the other hand, Figure 3 indicates that
both EMG recordings discriminated between 25%/50%
and 50%/75% effort levels better than VMG.
Conclusion
The intent of this paper was to introduce VMG as a
means for evaluating human skeletal muscle as well as
presenting preliminary work from an ongoing study.
Although the physiological mechanism responsible for
producing VMG is not clearly understood, the relationship
between VMG and force production has been well studied
in recent years. Furthermore, many studies including
this ongoing work, have combined VMG and EMG
analyses in an attempt to detect the onset of localised
muscular fatigue. Based on the encouraging results,
some of which have been presented here, further work
with more subjects and more advanced analyses is
currently under investigation.
Despite the simplicity of the analysis used here, the
results demonstrated that not only was it possible to
discriminate between four different effort levels of the
recorded VMG signal, but at certain levels, VMG
performed better than EMG. Similar results were found
for other subjects; however, because the experimental
protocol was different, these results are not presented.
Ongoing work includes additional subjects whose data
are being processed using wavelet theory. In addition,
statistical tests are being applied to these results to
quantitatively compare VMG and EMG with regards to
both effort level discrimination as well as fatigue detection.
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